The paper is an attempt to evaluate the efficiency of Pena's DP-2 method over a host of methods used to make composite indices. 
I. Introduction
Many scholars and development agencies have made several attempts in the past to create a broader measure of development and human well-being by combining indicators that shed light on both means and ends of social progress. All these attempts have been made because of the pioneering work of United Nations (1954) in which specific recommendations were made against the use of GNP per capita as a measure of standard of living. Beginning in the mid 1960s through the 1970s a number of studies concentrated on the construction and use of socioeconomic indicators to measure development [Adelman and Morris, 1967; UNRISD, 1966 & 1972 and OECD, 1973 & 1976 as quoted by Stanton (2007:13) ; United Nations Economic and Social Council, 1975; Hicks and Streeten, 1979; Morris, 1979] . As a result of these attempts basic needs approach became the core of the debate on development policies (Hicks and Streeten, 1979; Streeten et al., 1981) . However, no theoretical proposition emerged to define the concept of development or social welfare in spite of all these exercises. UNDP in 1990 came forward to publish its first Human Development Report (HDR) in which construction of Human Development Index (HDI) was proposed. Since then many criticisms have been raised against its construction and robustness. As a result some improvements have been made in its construction by UNDP in its subsequent reports in 1991, 1994, 1999 and 2010 as well as by others (Cahill and Sanchez 1998; Noorbakhsh, 1998; Prescott-Allen Robert, 2001; Chakravarty, 2003; Cummins et al., 2003; Social Watch, 2005;  Economists Intelligence Unit, 2004; Department of Economic Statistics, Sweden, 2004 as quoted by Bandura (2008) ; Chatterjee, 2005; Herrero et al., 2007; Nathan et al., 2008) . If we examine in detail, none of the above mentioned proposed methods are free of criticisms. An alternative method proposed by Pena way back in 1977, which was published in Spanish and could not attract attention of researchers for a long time, is currently gaining a remarkable popularity for determining weights and construction of synthetic indicators of quality of life (QoL). The publication of Somarriba and Pena (2009) made Pena's work accessible to the English-knowing researchers. The Pena's method (so called P2 Distance or DP2 method) is claimed to possess almost all the desirable properties such as non-negativity, commutativity, triangular inequality, existence, determination, monotony, uniqueness, transitivity, invariance to change of origin and/or scale of the units in which the variables are defined, invariance to a change in the general conditions and exhaustiveness and reference base, etc. It is also claimed that this indicator solves a large number of problems such as the aggregation of variables expressed in different measures, arbitrary weights and duplicity of information (Pena, 1977; Zarazosa, 1996; Somarriba and Pena, 2009; Montero et al., 2010; Martína and Fernández, 2011) . So claimed, the synthetic indicators constructed by Principal Component Analysis (PCA), Data Envelopment Analysis (DEA) or other alternatives using non-Euclidean norms are deficient in one or the other desirable properties in comparison to the Pena's method (Mishra, 2009) . Because of the deficiencies in other available methods the work of Pena created a lot of impacts on other researchers and since then a number of research papers have been published that refer to or use the Pena's method. Is Pena's method truly a superior one as compared to other methods? The present paper is an attempt in this regard to answer this question. For this purpose, the paper has been organized into seven sections: (I). Introduction; (II). Pena's DP2 Method; (III) . Review of Literature; (IV). Pena's Method; and (VII) .
Data and Methodology; (V). Main Findings, (VI). An Assessment of

Conclusion.
II. Pena's DP2 Method
Although Pena's DP2 method was published in 1977 it did not attract attention of researchers since it was not published in a widely read language, namely, English. It came to the notice when Somarriba and Pena (2009) published a paper to measure quality of life of the people of the European Union by using DP2 method. In their paper, before introducing Pena's method, they first criticized both PCA and DEA for not being valid methods for obtaining synthetic indicators. According to them PCA as a method does not allow making cardinal interspatial and inter-temporary comparisons but only ordinal comparisons as opposed to the DEA and DP2 methods. The weights of partial indicators lack socio-economic interpretation. The method has a tendency to pick up the subset of highly correlated variables to make the first component and assign marginal weights to relatively poor correlated subsets of variables.
Although DEA facilitates spatial and temporary comparisons and guarantee impartiality in the weights but the program could assign a zero or very low weight to a specific factor. It has the disadvantage of yielding multiple virtual solutions and the existence of restrictions causes problems of non-feasibility. It further allows some degree of arbitrariness in the model while identifying output and input variables. Pena's P2 Distance which overcomes all these deficiencies is introduced as follows: Due to this, it is obvious that the weights assigned to a variable will depend on its position in the order (Montero, 2010; Mishra, 2012-a) , which makes DP2-based composite (synthetic) indices indeterminate and arbitrary.
To resolve the said indeterminacy, the following iterative procedure has been suggested (Montero, 2010) :
Step-1: Initialize the weight vector,
, say for accuracy.
Step-2: Define ( / ) 1, 2,..., ; 1, 2,...,
Step-3: Obtain 1 ; 1, 2,...,
Step-4: Compute the Karl Pearson's coefficient of correlation ( , ) j r DF  between DF and
Step-4: Arrange | ( , ) | j r DF  in a descending order (and re-index the associated variables, , j  accordingly.
Step-5: Compute   1   ; 1, 2,..., ; 
III. Review of Literature
To the best of our knowledge about 30 papers have been published so far citing the work of Pena (1977) published in Spanish or the work of Somarriba and Pena (2009) Of the three methods analyzed, the authors claimed that Pena's method was found to be the optimal one in obtaining synthetic indicators of well-being. However, they did not clearly define the criteria of optimality. Based on Pena's indicator, Europe was found to display a strong polarization between on the one hand, Nordic countries and Austria, and Eastern European and the new accession countries, on the other. The distance between the averages of both groups was 9.71 units in relation to the reference base. The rest of the countries were between those extremes.
Of those 30 publications, Pena's method was applied directly for measurement of quality of life (QoL) or social welfare in eleven publications and in other papers it was simply referred.
Probably the first work to cite Pena is Zarzosa (1996) whose paper was published in Spanish and
was not accessible to a larger number of researchers. In 2003 another paper authored by Royuela, Suriñach and Reyes dealt with measurement of QoL following the idea of multidimensionality.
The authors applied an option based on the distance indicator approach and devised a methodology that allowed explicitly temporal comparisons and did not depend on the attributes' ranking (as the Ivanovic-Pena distance does) and built a scale for measuring QoL. They also included the possibility of choosing both -the structure of the composite final measure and the weights of each component in the structure. Juana and Jose (2007) Using a larger number of variables and applying DP2 method García and Rodriguez (2010) measured social welfare for the least developed countries and ranked them. The details regarding the result could not be presented in this section because English translation of the paper (written in Spanish) was not available. Montero, Larraz and Chasco (2010) while proposing an alternative approach to build an Environmental Quality Index (EQI) introduced some methodological and practical novelties.
From the point of view of the selection of variables, first they considered noise as a relevant environmental variable and added 'subjective' data available at the census tracts level to the group of 'objective' environmental variables for which data were only available at environmental monitoring stations. Combination of data led to a Mixed Environmental Quality Index (MEQI) which is more complete and adequate in a socioeconomic context. In order to build the final synthetic index, instead of using more commonly used method of PCA, they used DP2 method because of its so-called superiority over other methods. According to them DP2 is an iterative procedure that weights partial indicators depending on their correlation with a global index. Its most attractive feature is that it uses all the relevant information contained in the partial indicators eliminating all the redundant variance present in these variables (i.e. avoiding multicollinearity). Since this method has been used to compute QoL and other social indicators in the past by Zarzosa (1996) and Royuela et al. (2003) they proposed its use in the construction of environmental index for its good statistical properties; i.e. multidimensionality, comparability and comprehensibility.
Cuenca, Rodríguez and Navarro (2010 measured social welfare of fifteen countries of Central America and the Caribbean using DP2 method on the basis of sixteen social indicators.
In their paper they vouched in favor of the synthetic indicator like DP2 having multidimensional characteristics with a series of mathematical properties to be able to provide a good measurement. Using DP2 method the authors concluded that despite the advances made in most countries, there still remained notable differences in the region in the value of certain social indicators, with very unequal progress in some areas basic to social welfare, such as illiteracy, access to potable water, or infant malnutrition. European comparative research published since the mid-1990s using scientific and statistical databases, reports from previous and ongoing EC funded research projects, and other relevant publications.
The State of the Art of Research on Families and Family Policies in Europe is
González, Cárcaba and Ventura (2011a) made an attempt to quantify the relative importance of three different geographic levels of analysis in assessing QoL of Spanish population. They evaluated the extent to which the QoL of an average person living in a given municipality is explained by the province and region in which the municipality is located. To do so, they constructed a composite indicator of QoL for 643 largest municipalities of Spain using 19 variables which were weighted using Value Efficiency Analysis (VEA). Then they made a variance decomposition of the VEA scores to assess the importance of three levels of geopolitical administration. However they did not use DP2 method for their analysis but only a reference to Pena's work was made while mentioning different methods available for measurement of QoL. Their results showed that the municipal level is the most important of these, accounting for 52 per cent of the variance in QoL. Regions explained 38 per cent while provinces only accounted for a moderate 10 per cent. Therefore, they concluded that political action at the regional and municipal level had a larger impact on QoL indicators. A similar type of study was again conducted by González, Cárcaba and Ventura (2011b) where both DEA and VEA methods were applied to measure QoL for Spanish Municipalities but did not use DP2 method.
González, Carcaba, Ventura and Garcia (2011a) undertook a study to measure quality of life for 235 largest Municipalities in Spain using both DEA and VEA techniques. They observed that population ageing and economic status were closely related. They also hypothesized that as people grow older and reach a high economic status, they buy better living conditions migrating to municipalities near the VEA frontier. Another repetitive study was undertaken by them In order to determine provincial disparities in social welfare levels in Spain, Espina and Somarriba (2012) used DP2 method to estimate provincial synthetic welfare indicator. Their findings revealed that degree of disparity in welfare levels amongst Spanish provinces was extremely moderate. In terms of geographical distribution, they found how provinces located in the North and North-East of the peninsula enjoyed the highest levels of welfare. Further the study revealed that increased GDP undoubtedly enhanced provincial welfare in Spain but its explanatory power regarding provincial disparities was extremely low.
Although Henning and Zarnekow (2012) did not use DP2 method for their analysis, however, they mentioned Pena's work as a method for construction of a synthetic indicator.
Their work presented empirical evidence from cross-sectional and panel data models that social capital is a determinant of local government performance. To make such analysis they applied 
IV. Data and Methodology
For the purpose of the study we intend to use data of HDR of UNDP ( Oftentimes it has been found that the composite indices so obtained have a very high correlation with the norm-1 based composite indices (Mishra, 2011) .
In case the composite indices are based on DP2 criterion, the weights (and, therefore, the resulting indices) depend on the order in which the constituent variables enter into the formula.
For determinacy, therefore, one has to impose a criterion. Such a criterion could be the magnitude of correlation coefficient of the composite index with its constituent variables (as used by Montero, 2010) or alternatively the maximization of minimal correlation,
. In this paper we call it Penmax index.
Alternatively, composite indices may be derived such that they maximize ( ) S Z , where (.) S is the relative entropy of (.) . Entropy itself may be defined in a plethora of manners (see Esteban and Morales, 1995 that discusses 23 measures of entropy). We have used three popular measures of entropy: Shannon, Tsallis and Sharma-Mittal (Beck, 2008) .
Construction of all the composite indices proposed here (except the norm-2 composite indices) need direct optimization. In particular, some DP2-based indices require combinatorial and mixed-real-combinatorial optimization. To accomplish this, we have used the Particle swarm method with suitable modifications and incorporation of the Smallest Position Value (SPV) mapping mechanism for obtaining combinatorial solutions (Tasgetiren et al., 2004; Parsopoulos and Vrahatis, 2006; Mishra 2012-b) .
In the present study we obtain 10 different composite indices of Human Development:
(1) HDI-11 (UNDP), (2) Norm-1, (3) Norm-2, (4) Entrop, (5) Maxmin, (6) Penmax, (7) Shannon, (8) Tsallis, (9) Sharma-Mittal (Sharmit), and (10) Pena-DP2 (by Montero iteration).
These names only identify the methods used for obtaining them. The last five indices use DP2
for obtaining weights and the maximization of the criterion only assists into the choice of order in which the constituent variables enter into the DP2 formula. Norm-1, Norm-2 and Maxmin are based on maximization of a particular norm of the coefficient of correlation between the composite index and the constituent variable. Entrop is based on maximization of entropy of the correlation itself. HDI-11 is from 2011 report of UNDP. All the ten indices are presented in Table A .1 in the Appendix. All indices are normalized by the formula
V. Main Findings
In Table-1 indices. It is also pertinent to report that all DP2-based indices have optimal order of entry of variables as LEX, EDN and PCY. In Pena-DP2, however, the order is PCY, EDN and LEX. In Table-2 
VI. An Assessment of Pena's Method
There is no generally agreed upon 'ideal' against which one may judge as to which one of the alternative indices is the best. On account of lack of sufficient reason, it may be suggested that the composite index that is most informative among all the alternative indices may be considered the most non-controversial and, therefore, generally acceptable. The Gini Coefficient may be used for this purpose. Larger the Gini coefficient, larger is the information content that a synthetic index could extract from the constituent variables. The Gini coefficient may be obtained by the formula given below:
; where Z  is the arithmetic mean of . As presented in Table- 
VII. Conclusion
From the present study we obtain some hints that (Neumann and Morgenstern, 1953: pp. 16-24) .
They can be used only for ranking the cases (countries, etc).
The computer programs used for constructing various indices may be obtained on request to the authors. 
Appendices
